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The main purpose of this paper is to present an approach for automatic microbiological analysis and in particular counting 

colonies using an open-source software for digital image processing. An open-source computer program called ImageJ is used for 
developing an algorithm for automatic detection and counting of lactic acid bacterial colonies grown in MRS agar. In comparison 
with commonly used techniques for manually counting of bacterial colonies and the expensive apparatus for microbiological analyses 
which provide this functionality, the algorithm presented in this paper gives an opportunity for fast, accurate and widely available 
technique for counting of bacterial colonies in agar medium. А comparative analysis between the proposed algorithm and well 
known ImageJ plugins for semi-automatic counting of bacterial colonies is made. The plugins that are tested are based on 
implemented in ImageJ methods for digital image processing. However, they do not provide a way for separating merged colonies. 
The results show that in comparison with the other ImageJ plugins with high average percentage (obtained after counting lactic acid 
bacterial colonies), the proposed algorithm achieves better accuracy with lower average percentage error. 
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INTRODUCTION 
Various microbiological analyses take a 

significant part in the food industry and modern 
technologies for food production and quality 
evaluation of raw materials. There are a different 
specialized apparatus and modern machines for 
performing microbiological analyses but they are 
too expensive and they can’t be used freely by the 
wide audience. Such a highly specific and 
expensive apparatuses can be only used in special 
laboratories.  

One of the most commonly used 
microbiological analysis is counting of bacterial 
colonies and determination the total microbial 
count in the sample. In order to perform such kind 
of analysis a sample with micro-organisms must be 
taken from the tested raw material or directly from 
a specific food. Then the sample is placed in a Petri 
dish called “Agar plate” filled with the culture 
medium for the specific microorganism. The agar 
plate can be used either to estimate the 
concentration of organisms in a liquid culture or the 
number of that culture in a suitably diluted sample. 
The micro-organisms contained in the sample begin 
to grow and multiply under the appropriate 
conditions forming genetically identical colonies. 
The colonies differ in shape, size and color 
depending on the specific microbiological culture. 
Different colonies can be formed  on  a  single  agar  

 

* To whom all correspondence should be sent: 
   angel_danev_bg@abv.bg 

 

plate. That is why it is important to recognize them 
and to know the exact number of all colonies grown 
in each agar plate.  

The number of the formed colonies can be 
counted either manually or by using expensive 
apparatus with specialized application software for 
automatic bacterial recognition and using special 
freely available software applications for PC or 
smartphones. A brief overview for available free 
software products for microbiological analyses and 
in particular bacterial colonies counter applications 
is made in 2017 [1]. These freely available 
applications provide a fast and effortless way for 
enumeration of bacterial colonies, but the results 
are rather unsatisfactory in comparison to the 
traditional manual counting.  

COMPUTER SOFTWARE FOR BACTERIAL 
COLONIES COUNTING USING DIGITAL 

IMAGE PROCESSING TECHNIQUES 

Digital image processing is a technology widely 
used in computer science. Image processing takes a 
significant part in computer vision and pattern 
recognition. In brief, image processing using 
computer systems and applications is a method for 
performing some operations on an original image 
taken by a conventional camera, for example, in 
order to extract useful information needed for a 
specific analysis. There are various types of 
computer software applications for image 
processing as they differ in functionalities, 
accessibility and price.   
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Open-source software for digital image analyses 
– imagej 

ImageJ is an open-source computer program for 
digital image processing which provides a lot of 
functionalities for processing ordinary images taken 
by a camera as well as scientific multidimensional 
images. The program is written in objective-
oriented programing language Java and it is 
inspired by NIH Image which is a precursor of 
ImageJ [2 and 3]. Because ImageJ is written in 
Java the program is platform independent which 
can be run on any computer with Java 1.8 or later 
virtual machine installed. ImageJ has downloadable 
distributions available for Windows, Mac OS X and 
Linux. The program can work with the following 
file formats: TIFF, JPEG, PNG, GIF, BMP, 
DICOM, PGM, and FITS. Also other formats can 
be opened with the aid of special free plugins.  
Because of the fact that ImageJ is an open-source 
software, there are plenty of plugins, macros and 
extensions freely available for downloading and 
performing wide variety of tasks in different topics. 
Different useful programs and plugins for digital 
image processing based on ImageJ functionalities 
are developed in order to facilitate researchers 
working in the field of microbiological analyses [6, 
11, 12, 13, 18, 19]. Cell Counter [15] is an ImageJ 
plugin for manual counting of bacterial colonies, 
based on simple interface. The plugin counts when 
the user clicks on the colonies in the image. There 
are plugins, such as: Colony Counter [16], Colony 
Blob Count Tool [17], ColonyCountJ [14] based on 
ImageJ functionalities for semi-automatically 
counting of cells and bacterial colonies. 

ImageJ has a large user community which can 
be useful when a developer get involved with some 
problems and wants to implement new ideas. 
ImageJ is a powerful tool for fast image processing 
and the main purpose of the program is to serve on 
scientific community. A lot of scientific researches 
from different topics such as biomedical [3] and 
microbiological analyses, have been made based on 
the use of the functionality of ImageJ. In 2006 a 
new method based on image analysis using ImageJ 
for determining cyanobacterial biomass by CLSM 
in stratified benthic sediments are proposed [5]. In 
2007 a different approach [7] of using ImageJ as an 
open-source software for digital image processing 
is presented. In [7] a quantitative analysis for 
histological staining and fluorescence using ImageJ 
is performed.  

ImageJ has relatively easy to use and intuitive 
interface shown in Fig.1. After lunching the 
program a main screen appears containing a well-

ordered menu bar and a tool bar with the commonly 
used tools for drawing and editing graphical 
objects.  

 
Fig.1. ImageJ graphic user interface 

As an open-source software for digital image 
processing ImageJ provides various functionalities 
and plugins for different digital image 
transformations such as basic image editing tools; 
filtering algorithms like Mean, Median, Gaussian 
Blur, Minimum, Maximum, Variance filtering and 
thresholding on both 8-bit grayscale and RGB color 
images; tools for pattern recognition; possibilities 
for automating tasks and creating custom tools 
using macros; ability for implementing ImageJ 
class library in a different projects such as applets, 
servlets or applications where image processing is 
needed; tools for creating, editing and measuring 
tree types of selections such as rectangular, 
elliptical or irregular area selections; algorithms for 
image enhancement like edge detection, smoothing 
and sharpening; ability for adjustment brightness 
and contrast of the image; spatial operations such as 
crop, scale, rotate, resize, flip horizontally and 
vertically and so on.  Some of the most significant 
functionalities of ImageJ are the various types of 
tools for image analyses such as areas 
measurements, standard deviation, mean, min and 
max of entire image or specific selection; tools for 
lengths and angels measurements using real world 
measurements units like millimeters. ImageJ gives 
the ability for different color processing in RGB 
and HSV color space and generating histograms. 

Algorithm for automatic counting of bacterial 
colonies using ImageJ 

Using some of the functionalities provided by 
ImageJ an algorithm for automatic counting of 
lactic acid bacterial colonies is developed. The 
workflow of the algorithm is shown on Fig.2. The 
algorithm is implemented in ImageJ as an 
additional macro. 

For the proper operation of the algorithm a 
circular region of interest (ROI) is used. The 
diameter of the ROI is automatically pre-calculated 
according to the diameter of the agar plates that 
have been used. Once the ROI is set to appropriate 
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dimension and position a function provided by 
ImageJ is used for saving the ROI as a template and 
for future automatic using without the need to be 
calculated again.  

Fig.2. Workflow of the algorithm 

During the analyses all agar plates are 
photographed using smartphone with 13mp camera 
under the same conditions such as: exactly the same 

height between camera lens and the agar plate 
surface; all agar plates are positioned in the exact 
same spot on the background surface to ensure the 
exact positioning of the ROI used later. 

The result from execution of some steps from 
the workflow diagram are shown on Fig.3. Some of 
the algorithm steps are not shown because the result 
can’t be seen. After the analysis is complete, the 
results are saved in a text file from where they can 
be used to plot graphic or to perform some other 
operations on them. 

 
Fig.3. Result images after algorithm steps 

Important steps from the algorithm presented 
above are adjusting the threshold value, using 
watershed function and using an ImageJ function 
called “Find Maxima”. ImageJ provides several 
popular algorithms for thresholding and for the 
purpose of this study a default thresholding 
algorithm is used which is a variation of the 
IsoData algorithm [8]. The required threshold value 
must be selected manually to achieve the best 
results. Using watershed function provided by 
ImageJ library is an essential step in the algorithm 

Step 1 Step 2

Step 3 Step 5 and Step 6

Step 7 Step 8 and Step 9

Step 10 
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for counting of bacterial colonies. The source code 
of the macro is shown on Fig. 4. 

Fig.4. Source code of the macro 

Watershed segmentation is an algorithm for 
automatically separating particles touching each 
other. It is a common situation in the process of 
counting bacterial colonies to have several colonies 
overlapping each other. It is easy for the human eye 
to distinguish and count such overlapped group of 
colonies, but in terms of computer vision and object 
recognition things are different. This problem is 
shown on Fig.5. On the first image (on the left) the 
original image is shown where it is easy for the 
naked eye to differentiate tree overlapped colonies 
and one separated from the others. On the second 
image (the middle one) the same group colonies is 
shown but after thresholding the image. Here it is 
not so obvious how much colonies are overlapped. 
On the right image the overlapped colonies are 
separated using watershed function and it is easy 
for a computer program to precisely counting the 
exact number of overlapped colonies.   

 
Fig.5. Using watershed function 

Another important step in the algorithm for 
counting bacterial colonies is using the function 
called “Find Maxima” provided by ImageJ library. 
This function determines the local maxima in the 
selected region from the image, or in the entire 
image and then creates a binary image or one 
segmented particle per maximum, marked [9]. As 
an output type a Point Selection option is used 
which leads to tagging every object different from 
the background. In the example shown on Fig. 3 the 
objects representing the colonies are in white color 
and the background is in black color. As a result of 
using “Find Maxima” function, each object 
(colony) from the image is marked with “+” sign 
(Fig.3 Step 10).  

RESULTS 

The proposed algorithm for counting of bacterial 
colonies developed using the open-source software 
ImageJ provides a fast way for microbiological and 
biotechnological analyses. It doesn’t need special 
apparatus or any additional experimental settings 
for receiving the primary data, because using a 
smartphone camera for taking pictures is easy, 
quick and cheap way for getting the initial 
information from the objects under control. 

For the purpose of this study photos of agar 
plates with colonies formed by lactic acid bacteria - 
Lactobacillus plantarum strain BOM2 in an 8-hour 
fermentation process (under 37ᵒC) of 6% oat 
suspension are analyzed. The bacteria have 
developed and formed colonies in the culture 
medium Lactobacillus MRS agar. Each of the 
photos is taken with a regular smartphone camera 
under a daylight. The total number of colonies in 
each agar plate can range from a few tens to few 
hundreds depending on the type of the dilution of 
the bacterial suspension prior to spreading them on 
the agar plates, and on the time for which the 
bacteria developed. According to the general rules 
for enumeration of bacterial colonies the total 
number of colonies on each agar plate must range 
from 30 to 300 [10]. For the purpose of this study 
and in order to determine the accuracy of the 
suggested algorithm, several agar plates with more 
than 300 colonies are included in the experimental 
results, but they can’t be used for performing 
accurate microbiological analyses. On the other 
hand, the colonies may differ in their size. As an 
example, some photos (nine) of the analyzed agar 
plates with different number of colonies and size 
are shown in Fig.6. 

run("ROI Manager..."); 
roiManager("Open","D:\\BacterialColonies\\ROI\\ROI
_1.roi"); 
roiManager("Select", 0);  
setBackgroundColor(0, 0, 0);  
run("Clear Outside"); 
run("Smooth");  
run("Smooth");  
run("Subtract Background...", "rolling=12");  
run("8-bit");   
setAutoThreshold("Default dark");   
setOption("BlackBackground", false);  
run("Convert to Mask"); 
run("Watershed");   
run("Invert");   
run("Find Maxima...", "noise=145 
output=Count"); 
resultLabel = getResultLabel(nResults-1);  
results table 
count = getResult("Count");   
str = resultLabel + ", " + count;  
File.append(str, "D:\\Results\\Results.txt"); 
close();  
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Fig.6. Agar plates with different total number of 

colonies 

The total number of bacterial colonies for each of 
the analyzed agar plates is counted once manually 
and then automatically using a computer software 
with the algorithm described above. The analyzed 
agar plates, shown in Fig.7, are ordered according 
to the rate of dilution and the time, and the result 
data after manually and automatically counting is 
shown on Fig.8. For each group one, two or three 
agar plates (samples) with different total number of 
bacterial colonies are analyzed. The percentage 
error is calculated by Eq.(1) and it varies between 
0.94% and 3.44%. 

100*
mc

acmc

N

NN
errorPercent


  (1) 

where:  

mcN - total number of colonies counted 

manually; 

acN - total number of colonies counted 

automatically; 
Tab.1 shows the average results for each group 

of samples which have been transformed in order to 
achieve appropriate results for plotting a growth 
curve.  

The main purpose of counting the total number 
of bacterial colonies in agar plates is to plot the 
growth curve of microbial population. It is shown 
on Fig.9. The microbial growth curve is a graphical 
representation of changes in cell counts, biomass, 
or other suitable microbial growth indicator for a 
given microorganism in a suitable medium. The 
curve can also be used for determination of the 
growth phases which are – Lag phase, Exponential 
phase, stationary phase and phase of extinction.  

  

Fig.7. Analyzed agar plates ordered according to the rate of dilution and the time 

Table 1. Results according to automatic counting of colonies formed by Lactobacillus plantarum strain BOM2 in an 
8-hour fermentation process (under 37 ᵒC) of 6% oat suspension 

107 CFU/ml 0h 2h 4h 6h 8h 

Lactobacillus plantarum, BOM2  1,4000 2,8450 7,5666 11,6100 13,7500 

BOM2 (10-3) 0h Sample 1 BOM2 (10-3) 0h Sample 2 BOM2 (10-4) 2h Sample 1

BOM2 (10-4) 2h Sample 2 BOM2 (10-4) 8h Sample 1 BOM2 (10-5) 4h Sample 1

BOM2 (10-5) 4h Sample 2 BOM2 (10-5) 4h Sample 3 BOM2 (10-5) 6h Sample 1
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Fig.8. Graphic representation of results data and 
percent error 

As it can be seen from Fig.8 the biggest 
percentage error is about 3.4% and the smallest 
percentage error is about 1%. The average error for 
this set of tested samples is about 2.2%. Therefore, 
the proposed algorithm can be successfully used for 
counting lactic acid bacterial colonies grown in 
MRS agar. 

 

Fig.9. Growth curve of Lactobacillus plantarum BOM2 
population 

With respect to different ImageJ plugins and 
approaches for automatically counting of bacterial 
colonies, a comparative analysis of our own 
approach is made. The results achieved after using 
Colony Counter and Colony Blob Count Tool 
plugins are shown respectively in Tab.2 and Tab.3. 

As it can be seen from Tab.2 the relative error 
(25.37) is very high and Colony Counter plugin can 
not be used for automatically counting lactic acid 
bacterial colonies strain BOM2 grown in MRS agar. 
The plugin do not provide a functionalities for 
separating and counting merged colonies and for 
setting a region of interest. 

The relative error after counting lactic acid 
bacterial colonies using Colony Blob Count Tool is 
16.84%. This macro achieves better results than the 
plugin Colony Counter, but have some problems. 
To achieve these results the user have to pre-set 

specific settings manually, depending on the sample 
being tested. Also, the user must know in advance 
the exact area (in pixels) of the smallest and the 
biggest colonies in the image. This leads to 
performing additional manual steps with ImageJ 
functionalities for measuring. This macro does not 
provide a functionalities for separating merged 
colonies. A result image after automatically 
counting lactic acid bacterial colonies using Colony 
Blob Count Tool is shown on Fig. 10. 

Table 2. Results after counting with Colony Counter  

Sample № Manual Counting
ImageJ 

Colony Counter
BOM2 (10‐3) 0h Sample 1 1108 865
BOM2 (10‐3) 0h Sample 2 1653 929
BOM2 (10‐4) 2h Sample 1 291 277
BOM2 (10‐4) 2h Sample 2 294 286
BOM2 (10‐5) 4h Sample 1 62 79
BOM2 (10‐5) 4h Sample 2 63 83
BOM2 (10‐5) 4h Sample 3 107 107
BOM2 (10‐4) 8h Sample 1 1350 1180
BOM2 (10‐5) 6h Sample 1 1135 1030

SUM 6063 4836
ΔA = Аbsolute Еrror 

[number of colonies]: 0 1227,00
Relative error [%]: 25,37  

Table 3. Results after counting with Colony Blob 
Count Tool  

Sample № Manual Counting
ImageJ 

Colony Blob Count
BOM2 (10‐3) 0h Sample 1 1108 870
BOM2 (10‐3) 0h Sample 2 1653 1360
BOM2 (10‐4) 2h Sample 1 291 270
BOM2 (10‐4) 2h Sample 2 294 282
BOM2 (10‐5) 4h Sample 1 62 54
BOM2 (10‐5) 4h Sample 2 63 61
BOM2 (10‐5) 4h Sample 3 107 110
BOM2 (10‐4) 8h Sample 1 1350 1124
BOM2 (10‐5) 6h Sample 1 1135 925

SUM 3302 2826
ΔA = Аbsolute Еrror 

[number of colonies]: 0 476,00
Relative error [%]: 16,84  

 
Fig.10. Result image after counting bacterial colonies 

with the macro Colony Blob Count Tool  

The tested ImageJ plugins can be considered as 
programs for semi-automatic counting of bacterial 
colonies, because of the fact that the user have to 
perform additional steps using some of the ImageJ 
functionalities in order to evaluate the exact area of 
the colonies grown in the agar. 
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CONCLUSIONS 

An algorithm for automatic counting of bacterial 
colonies in agar plates using freely available and 
open-source computer software for digital image 
processing is developed. The algorithm is based on 
build-in functionalities and tools in the program 
ImageJ and provides an approach for fast and 
accurate counting of bacterial colonies for the 
purpose of microbiological and biotechnological 
analyses. Several agar plates with different total 
amount of colonies formed by lactic acid bacteria 
Lactobacillus plantarum strain BOM2 and 
Lactobacillus MRS agar medium are analyzed in 
order to evaluate the accuracy of proposed 
algorithm. The total number of colonies for each 
agar plate is counted in two ways – manually and 
automatically using algorithm implemented in 
open-source software as a macro. The results 
obtained from the manual counting and from the 
macro are compared and a percentage error is 
calculated. The obtained results and the analyses 
that have been performed lead to conclusion that 
the presented algorithm can be successfully used to 
determine the total number of bacterial colonies in 
the processes of microbiological and 
biotechnological analyses. 

The algorithm mentioned in this paper for 
automatic counting of bacterial colonies can be 
implemented as a useful smartphone application in 
the future work.  
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